Background: The long-term impact of gun violence on physical function and occupational disability remains poorly explored. We sought to examine the effect of combat-related gunshot injury on work capacity within a cohort of military servicemembers and identify clinical characteristics that influence the capacity to return to work. Methods: A query was performed to identify all servicemembers injured by gunshot in the years [2005][2006][2007][2008][2009]. These soldiers were then followed for a period up to the end of 2014 in order to identify those separated from service due to an inability to perform military duties as a result of their injury. Socio-demographic and clinical characteristics were considered co-variates. The dependent variable in this study was inability to effectively return to work, as delineated by the proxy of medical separation from military service. A multivariable logistic regression model was used to evaluate factors associated with an increased likelihood of medical separation following gunshot injury. Results: Of the 1417 individuals meeting inclusion criteria, 40% (n = 572) of the cohort were medically separated in the time-period under study. Significant predictors of separation included non-thoracic injuries, increased injury severity score (ISS; OR 1.05; 95% CI 1.04, 1.06), Senior Enlisted (OR 3.90; 95% CI 2.16, 7.01), and Junior Enlisted military rank (OR 6.99; 95% CI 3.93, 12.44). Conclusions: This is the largest study in the literature to assess the long-term capacity to return to work following gunshot injury in any population. Individuals in high-demand occupations and those with non-thoracic wounds, or elevated ISS, should be counseled in the post-gunshot injury period regarding the negative associations of these characteristics with the capacity to return to work. Enhanced access to social services in the period following injury could similarly benefit individuals of low socioeconomic background.
Introduction
Over the course of 20th century military conflicts, a continuous rise in the incidence of blast-related injuries was noted as compared to wounds caused by gunshot [1] [2] [3] [4] . This disparity in injury mechanism reached its apex in the latter half of the most recent Iraq conflict (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , where close to 80% of all American casualties resulted from explosive blasts [2] [3] [4] . However, since that time, an increase in the number of combat injuries precipitated by gunshot has been noted, particularly in Afghanistan and among combat-specific military personnel [4] . Over the same time-period, there has been a concomitant resurgence of gun-violence in the civilian sector within the United States [5] [6] [7] [8] .
Due to advances in emergency response times and surgical care, individuals who sustain gunshot related injuries in military conflicts and the civilian sector are surviving at unprecedented rates [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, the long-term impact of gun violence, particularly in terms of physical function and occupational disability, remains poorly explored in both civilian and military populations, although enduring ramifications can be anticipated [1, 7, 11] . civilians treated for gunshot in a recent study, persistent pain and difficulties with normal daily activities persisted for up to two years following injury [7] . At the same time, as far as we are aware, there are no investigations that report the long-term functional or occupational sequelae of gunshot injuries for military personnel.
In this context, we sought to examine the effect of combat-related gunshot injury on work capacity within a cohort of military servicemembers. We also intended to examine factors, including sociodemographic, clinical and occupational characteristics that may influence the capacity to effectively return to work following these injuries. The military is an ideal setting in which to study this issue based on a number of factors including the following: a large sample of individuals exposed to occupational hazards in the combat zone, the capacity for longer-term follow-up without attrition due to the military's electronic health records system and the broad demographic, socio-economic, vocational, educational and professional strata encompassed by the modern American armed forces [11, 12] . Several prior medical studies have maintained that the American military is broadly representative of the United States demographic aged 18-55 years [11] [12] [13] [14] . We hypothesized that sociodemographic factors and occupational demands would strongly influence the capacity to effectively return to work following gunshot injuries.
Methods
This study relied on data obtained from the Department of Defense Trauma Registry and the military's Physical Evaluation Board proceedings obtained through the Defense Manpower Data Center. Both registers have been utilized in prior work and the means through which their data is collected has also been extensively described [2] [3] [4] 11, 15, 16] . In brief, the Department of Defense Trauma Registry collects detailed information on all servicemembers in the Department of Defense (Army, Navy, Air Force, Marine Corps) evacuated from a combat zone following injury [1] [2] [3] [4] . The Physical Evaluation Board maintains records on all personnel referred for medical or psychiatric conditions that prevent the satisfactory performance of duty, regardless of etiology [1, 11, 16] .
The Department of Defense Trauma Registry was queried by Internal Classification of Disease-9th revision (ICD-9) code to identify all military personnel who sustained a gunshot injury between January 1, 2005 and December 31, 2009 while deployed to Iraq or Afghanistan. Individuals who died as a result of their wounds within 30-days of injury were excluded from further review as were those who did not sustain combat-related gunshot injuries. All included patients had their records in the Department of Defense Trauma Registry abstracted and age at the time of injury, biologic sex, military rank (Junior Enlisted [lowest four ranks in any branch], Senior Enlisted [Non-commissioned officers], Officers), military occupational specialty (combat or noncombat personnel) and branch of service were recorded. Injury characteristics were also abstracted, specifically the anatomic location of injury as defined by Churchill region (abdomen, head/neck, extremity, thorax) and Injury Severity Score (ISS).2,3 Physical Evaluation Board proceedings through December 31, 2014 (minimum 5-years of postinjury surveillance) were surveyed for all included individuals and the determinations of the board were recorded where applicable.
In line with prior research [11, 16] , the dependent variable in this study was inability to effectively return to work, which was defined as completion of a Physical Evaluation Board-directed separation from military service by proxy. Gunshot injury was viewed as the precipitating factor, with age, biologic sex, military occupational specialty, theater of injury, military rank, year injured, ISS and anatomic location of injury considered co-variates. For the purposes of this analysis and guided by prior investigations, military rank and occupational specialty/branch of service were considered proxies of socio-economic status and occupational demands, respectively [11, 13, 14, 17] . In this paradigm, Junior Enlisted individuals were considered representative of low-socio-economic status [11, 13, 14, 17] and servicemembers with combat-specific occupational designations, Junior or Senior Enlisted rank and/or Army or Marine service, were considered representative of high-demand physical occupations [17] .
Initial analysis consisted of Kaplan-Meier testing with a start date of January 1 of the year of gunshot injury. The end date consisted of the date of Physical Evaluation Board separation. Individuals separated from military service for reasons other than medical were censored. A model was then developed with initial bivariate comparisons made within the individual co-variate categories using logistic regression testing. Categories that maintained p-values < 0.2 in bivariate tests were subsequently analyzed in a multivariable regression model that controlled for confounders. Variables that maintained odds ratios (OR) and 95% confidence intervals (CI) exclusive of 1.0 with p-values < 0.05 following adjusted regression testing were considered statistically significant predictors of inability to effectively return to work following gunshot injury. All statistical testing was conducted to SAS v9.3 (SAS, Cary, NC). This study received institutional IRB approval prior to commencement.
Results
In the time period under study, 1497 individuals sustained a combat related gunshot injury. Of these, 80 (5%) died within 30 days of their injury, leaving 1417 cases for inclusion in this analysis.
There were 1410 men (99%), and 7 women, with an average age of 25.8 (SD 6.1) at time of injury ( Table 1 ). The majority of injured personnel served in the Army (n = 1086, 77%) and 79% (n = 1123) had a combat-specific military occupation. Fifty-five percent (n = 778) were Junior Enlisted individuals, while Officers accounted for only 9% (n = 123) of the cohort. The most common anatomic region of injury was the extremity, accounting for 73% (n = 1028) of all casualties. The average ISS was 11.3 (SD 10.7). Ultimately, 40% (n = 572) of the cohort were medically separated through the proceedings of a Physical Evaluation Board (Fig. 1) . Five hundred fifteen (36%) servicemembers were able to complete another combat deployment following their gunshot injury. In unadjusted analysis age, military occupational specialty, rank, year of injury, anatomic region of injury and branch of service all met criteria for inclusion in the multivariable regression analysis ( 
Discussion
Over the course of the first decade of the 21st century, the frequency and severity of gunshot injuries has increased among civilian populations in the United States [5] [6] [7] [8] [9] [10] . Interestingly, at the same time but under different circumstances, the incidence of wounds caused by gunshot has also risen, in some respects approaching percent-rates not encountered since the Vietnam era [1] [2] [3] [4] . While gunshot injured individuals continue to survive their wounds at the highest rates in military history, the long-term effects of these traumatic events particularly with respect to functional disability remain underevaluated. Most prior works within civilian and military contexts have primarily focused on survival and complications rates within the short term [2] [3] [4] [5] [6] [7] [8] [9] [10] . There are relatively few studies that can address functional capacity and the ability to return to work at time-periods beyond six to twelve months following injury [7] , let alone describe risk factors that may impair the capacity for successful functional and/or occupational restoration. In order to address this issue, we sought to use ten-years' of military data gathered from the Department of Defense Trauma Registry and Defense Manpower Data Center to evaluate the rate of medical separation following gunshot injuries and describe clinical and sociodemographic factors associated with this adverse outcome. This investigation is in line with the recent call from the American College of Surgeons Committee on Trauma to improve the quality of research around gunshot injuries [18] .
This investigation features several advantages over prior cross-sectional evaluations. Foremost, as far as we are aware, this is the largest study in the literature to assess the long-term capacity to return to work following gunshot injury in any population. Unique features of the military's electronic medical records system [1] [2] [3] [4] 11, 15, 16] allowed us to survey individuals for medical separation irrespective of their location, unit affiliation, or status at the time of the Physical Evaluation Board proceedings [11, 16] . The demographic diversity encountered within today's armed forces may also enable translation of these findings to civilian populations [11] [12] [13] [14] 17] , particularly since the age of our cohort is strikingly similar to that of American civilians most likely to be exposed to gun violence [5-7,10].
Our results indicate that 4 in 10 individuals who sustained a gunshot injury were unable to successfully return to their pre-injury occupational duties. Furthermore, in adjusted analysis, non-thoracic injuries, Enlisted rank and ISS were found to be significant predictors of inability to return to duty (Table 3 ). The significance of Enlisted military rank as a whole may be indicative of the rigors associated with these high-intensity, physically demanding occupations [11, 17] , which may preclude an individual's ability to effectively perform at the required level following gunshot injury. Return to work rates have been reported to be higher following trauma in civilian patients with low physical demand jobs [19] . Abdominal gunshot wounds carry with them the propensity for damage to multiple visceral organs, particularly with hollow viscus injuries [8] [9] [10] . More than one study has reported an average of at least two organs damaged per gunshot injury [9, 10] and as many as 75% of patients with an abdominal gunshot wound are anticipated to require some type of surgery [8] . In light of these realities, it may be more difficult to recover and rehabilitate from abdominal gunshot injuries as compared to wounds to the chest. At the same time, wee are cautious in the interpretation of the outcome related to wounds to the extremities as well as the head and neck (Table 3 ). While it is conceivable that injuries to these locations may result in more dramatic disability than survivable gunshot wounds to the chest, it should be recognized that protective body armor worn by military personnel provides most coverage to the chest and thorax. This may represent a confounder that cannot be controlled for given the design of this study. The adverse influence of socioeconomic status on outcomes following traumatic injury have previously been described in the literature [11] and are also encountered here in light of the significant increase in medical separation for Junior Enlisted personnel as compared to officers. Prior studies performed within military populations have maintained that Junior Enlisted individuals disproportionately derive from disadvantaged socioeconomic strata and are representative of civilian patients from similar socioeconomic background [11] [12] [13] [14] . In civilian studies, adverse outcomes following injury for individuals from low socioeconomic background have been attributed to healthcare segregation and access to care, although these issues are known to be muted within the military healthcare system [11, 14] . As postulated in prior works, adverse outcomes for individuals from low socioeconomic background in the military are thought to be reflective of limitations in social support, as well as educational level [11] . This is important, as given the universal healthcare access provided by the military, outcomes may be anticipated to be even worse among civilians from low socioeconomic environments who sustain similar injuries.
We acknowledge several limitations associated with this study. Foremost, as this effort relied on data imparted to the Department of Defense Trauma Registry and Defense Manpower Data Center registries, we are limited to consider the variables captured in these datasets. As a result, we are unable to describe the severity of particular injuries in most respects, nor can we quantify clinical decision making as pertains to the need for surgery, transfusion or intensive care requirements, or the types of procedures performed. These factors may have influence over the outcomes considered here and, thus, we acknowledge the potential for residual confounding in our statistical models. Similarly, our reliance on register data means that we do not have access to clinical outcome measures or functional scores to objectively determine disability. Instead, we must rely on determinations of the Physical Evaluation Board proceedings as a proxy. We also have to use military rank and occupational specialty as proxies for socioeconomic status and occupational requirements. Enlisted personnel are exposed to combatrelated injuries, including gunshot wounds, at a higher rate than officers and there are also more enlisted individuals in combat theaters [1] [2] [3] [4] , which may also confound results to some extent. However, we wish to emphasize that these approaches have been used as established metrics for functional requirements and socioeconomic status and Physical Evaluation Board proceedings are accepted as a valid measure of an individual's capacity to perform military occupational requirements [11, 16] . Lastly, we also acknowledge the potential for selection bias in this work, as individuals who were separated for disciplinary reasons or decided to leave the military without reporting a disability would not be designated as having an adverse outcome in this study, even if they were impaired by sequelae of their gunshot injury.
In conclusion, the results of this analysis-the largest of its kind to be conducted among a population of patients with gunshot injuries--hold important meaning for both the military and civilian sectors. At a minimum, among military personnel, we have identified specific factors associated with adverse occupational outcomes following gunshot injury. We see no reason why many of these factors, including the proxies of high demand physical labor and socioeconomic status, cannot be applied to civilian patients with similar injuries. Individuals in highdemand occupations prior to gunshot injury and those with non-thoracic wounds should be counseled in the post-injury period regarding the negative associations of these characteristics with the capacity to effectively return to work. Similarly, more aggressive outreach in the period following injury, including enhanced access to social services, could be afforded to individuals of low socioeconomic background in order to maximize the potential for successful rehabilitation and recovery. These could include work hardening programs as well as alternative vocational training. We believe that the application of these recommendations have substantial potential to improve clinical care and enhance recovery for both military and civilian patients who sustain gunshot wounds.
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